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[Scope of Claim] 
[Claiml] 

An organic electroluminescent element characterized in that a diamond-like 
carbon film is formed between the organic layer and the hole-injection electrode, in an 
organic electroluminescent element including an organic layer between an 
electron-injection electrode and a hole-injection electrode. 
[Claim2] 

An organic electroluminescent element described in claim 1 characterized in 
that the diamond-like carbon film is formed by CVD method. 
[CIaim3] 

An organic electroluminescent element described in claim 1, characterized in 
that B is doped into the diamond-like carbon film. 
[Claim4] 

An organic electroluminescent element described in claim 1, characterized in 
that N is doped into the diamond-like carbon film. 
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[ClaimS] 

An organic electroluminescent element described in claim 1, characterized in 
that the thickness of the diamond-like carbon film is from 25 angstrom to 200 angstrom. 
[Claim6] 

An organic electroluminescent element described in claim 1, characterized in 
that the hole-injection electrode is an ITO film. 
[Ciaim7] 

A manufacturing method of an organic electroluminescent element, in a 
manufacturing method of an organic electroluminescent element having an organic 
layer between an electron-injection electrode and a hole-injection electrode, 
characterized in that a diamond-like carbon film is formed between the organic layer 
and the hole-injection electrode by CVD method using hydrocarbon-based gas as 
material. 
[Claim8] 

A manufacturing method of an organic electroluminescent element described in 
claim 7, characterized in that B is doped when the diamond-like carbon film is formed 
by CVD method. 
[Claim9] 

A manufacturing method of an organic electroluminescent element described in 
claim 7, characterized in that N is doped when the diamond-like carbon film is formed 
by CVD method. 
[ClaimlO] 

A manufacturing method of an organic electroluminescent element described in 
claim 7, characterized in that the diamond-like carbon film is formed to be from 25 
angstrom to 200 angstrom in thickness. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention pertains] 

The present invention relates to an organic electroluminescent element 
(hereinafter referred to also as an organic EL element) having an organic light-emitting 
layer. Especially the present invention relates to an organic EL element and its 
manufacturing method which realize practical high luminance and sufficient durability 
by resolving a defect of an organic layer presumed to be caused by a chemically 
unstable hole-injection electrode. 

[0002] 
[Prior Art] 



An organic EL element is a display element having a structure in which a thin 
film including a fluorescent organic compound is sandwiched between an electron- 
injection electrode and a hole-injection electrode, and generating excitons by injecting 
electrons and holes to recombine, and using the light (fluorescence, phosphorescence) 
emitted when the excitons are deactivated, for display. 

[0003] 

Fig.3 shows one of the basic structures of the organic EL element. In this 
organic EL element, an ITO (Indium Tin Oxide) as a hole-injection electrode 101 on a 
glass substrate 100, a triphenylamine derivative (Diamine) as a hole-transporting layer 
102, tris (8-quinoline-iight) aluminum (IH) (Alq 3 ) as an organic light-emitting layer 103, 
and an alloy of magnesium and silver as an electron-injection electrode 104 are used. 
The thickness of each organic layer is about 50nm. The film of each layer is formed by 
vacuum deposition. In the organic EL element, when a direct current voltage is applied 
at 10 V, using the electron-injection electrode as a negative electrode, using the 
hole-injection electrode as a positive electrode, green light at about 1000cd/m 2 is 
emitted. 

[0004] 

[Problem to be solved by the Invention] 

Sufficient luminance is not obtained by the conventional organic EL element. 
Additionally, the luminance half-reduction period of this organic EL element is short 
and there is a problem about its durability. 

[0005] 

It is an object of the present invention to provide an organic EL element having 
practical high luminance and sufficient durability, and materials for the organic EL 
element realizing as above. 

[0006] 

[Means for Solving the Problem] 

An organic electroluminescent element described in claim 1 is characterized in 
that a diamond-like carbon film is formed between the electron-injection electrode and 
the hole-injection electrode, in an organic electroluminescent element having an organic 
layer between an electron-injection electrode and a hole-injection electrode. 

[0007] 

An organic electroluminescent element described in claim 2 is characterized in 
that the diamond-like carbon film is a diamond-like carbon film formed by CVD 
method, in the organic electroluminescent element described in claim 1. 

[0008] 
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An organic electroluminescent element described in claim 3 is characterized in 
that B is doped into the diamond-like carbon film, in the organic electroluminescent 
element described in claim 1. 

[0009] 

An organic electroluminescent element described in claim 4 is characterized in 
that N is doped into the diamond-like carbon film, in the organic electroluminescent 
element described in claim 1. 

[0010] 

An organic electroluminescent element described in claim 5 is characterized in 
that the thickness of the diamond-like carbon film is from 25 angstrom to 200 angstrom, 
in the organic electroluminescent element described in claim 1. 

[0011] 

An organic electroluminescent element described in claim 6 is characterized in 
that the hole-injection electrode is an ITO film, in the organic electroluminescent 
element described in claim 1. 

[0012] 

A manufacturing method of an organic electroluminescent element described in 
claim 7 is characterized in that a diamond-like carbon film is formed between the 
organic layer and the hole-injection electrode by CVD method using hydrocarbon-based 
gas as material, in a manufacturing method of an organic electroluminescent element 
having an organic layer between an electron-injection electrode and a hole-injection 
electrode. 

[0013] 

A manufacturing method of an organic electroluminescent element described in 
claim 8 is characterized in that B is doped when the diamond-like carbon film is formed 
by CVD method, in the manufacturing method of the organic electroluminescent 
element described in claim 7. 

[0014] 

A manufacturing method of an organic electroluminescent element described in 
claim 9, in the manufacturing method of the organic electroluminescent element 
described in claim 7, is characterized in that N is doped when the diamond-like carbon 
film is formed by CVD method. 

[0015] 

A manufacturing method of an organic electroluminescent element described in 
claim 10 is characterized in that the diamond-like carbon film is formed to be from 25 
angstrom to 200 angstrom in thickness, in the manufacturing method of the organic 
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electroluminescent element described in claim 7. 
[0016] 

[Emobodiment Modes of the Invention] 

The inventors of the present invention considered the cause of insufficient 
luminance and durability in the conventional organic EL as follow. In the organic EL 
element, ITO that is chemically unstable in the surface and releases oxygen easily is 
used as a hole-injection electrode. Therefore, chemical reaction is caused in the 
surface of the ITO contacting an organic layer such as a hole-transporting layer, and the 
function of the organic layer may have problem. 

[0017] 

It is thought that a metal thin film or the like is used instead of ITO as a 
hole-injection electrode, if ITO has such a problem. However, the hole-injection 
electrode is required to be transparent, because the organic EL has a structure in which a 
light from a light-emitting layer is observed through the hole-injection electrode and a 
glass substrate. Since metal films are generally chromatic, they change the luminous 
colors to be observed when used for an organic EL element, which is undesirable. 

[0018] 

The inventor and the like have an idea that ITO is used as a hole-injection 
electrode and an intercept film is provided between ITO and an organic layer to prevent 
the problem in functions of the organic layer. The intercept film is required to be strong 
in change such as it is chemically stability, easily manufactured and unlikely to become 
an obstacle for light emitting. 

[0019] 

The inventors of the present invention researched hard on an intercept film and 
its manufacturing method that meet the requirements. In consequence, it was recognized 
that diamond-like carbon is the most suitable. 

[0020] 

Fig.l shows an organic EL element 10 in the embodiment modes of the present 
invention. The organic EL element 10 is characterized in that a diamond-like carbon 
film is formed between the organic layer and the hole-injection electrode, in an organic 
electroluminescent element including an organic layer between an electron-injection 
electrode and a hole-injection electrode. 

[0021] 

In this organic EL element 10, ITO (Indium Tin Oxide) is formed as a 
hole-injection electrode 2 on a glass substrate 1. A diamond-like carbon (DLC) film 3 is 
formed on the hole-injection electrode 2 and thereon a layer of N, N'-diphenyl-N, 



N'-bis (3methylphenyl)-l, l'-biphenyl 4, 4'-diamine (TPD) is formed as a 
hole-transporting layer 4. A tris (8-quinoiine-light) aluminum (IE) (Alq 3 ) is formed on 
the hole-transporting layer 4 as a light-emitting layer 5. A layer of Ai: Li alloy is formed 
on the light-emitting layer 5 as an electron-injection electrode 6. 
[0022] 

Methods for forming a DLC film include a hot-filament CVD method, a 
microwave plasma CVD method, a combustion flame method, a plasma CVD method 
by discharging of RF or direct current, or a plasma CVD method by using an effective 
magnetic field. 

[0023] 

CVD is abbreviation of Chemical Vapor Deposition and its meaning is as 
follows. CVD is a method in which gas including a constituent element to compose an 
objective film material is supplied to a reaction chamber as a raw material and the 
objective material is deposited as a film by a reaction in gas phase or a chemical 
reaction at a surface of a substrate. When the raw material is supplied to the reaction 
chamber, a gas-like compound is supplied as it is and liquid or a fixing compound with 
comparatively high vapor pressure are gasified to be supplied. 

[0024] 

As described above, CVD is performed by several methods. A method is 
selected according to a type of material used, ambient pressure in reaction process, a 
measure for promotion of reaction and the like. 

[0025] 

For example, it is described about a raw material as follow. An organic solvent 
having CH group such as CH 3 OH, (CH3) CO, benzene, and toluene are used for a 
hot-filament CVD method. And generally CO, methane, and the like are diluted with a 
great deal of H2 to use in a microwave plasma CVD method. 

[0026] 

Fig.2 is a diagrammatic illustration showing a case of a structure of an 
apparatus for forming diamond-like carbon film (DLC film) by hot-filament CVD 
method. Inside of a vacuum chamber 11, a cathode 12, an anode 13, and a substrate 14 
on which a DLC film is formed (in this embodiment, the substrate 1 on which a 
hole-injection electrode 2 is formed) are set. Raw material gas is supplied into the 
vacuum chamber 11 through a gas feed port 15. Reference number 16 is an exhaust port 
which is openable and closable. 

[0027] 

A voltage is applied between the cathode 12 and the anode 13 in the film 
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formation apparatus. Thermo electrons are released from the cathode 12 in which 
temperature is raised enough by resistance heating to the anode 13. Part of 
hydrocarbon-based gas put into the vacuum chamber 11 as orifice gas is ionized by 
thermo electrons released from the cathode 12 to form a plasma state. Ionized 
hydrocarbon molecules are accelerated the move toward the substrate 14 by a voltage 
applied to the substrate 14. A physical evaporated film is formed on the substrate 14 by 
the ion which reached the substrate 14 and collided. 

[0028] 
[Embodiment] 

Embodiments of manufacturing the organic EL element 10 are concretely 
described with reference to fig.l and table 1. 
(1) Embodiment 1 

ITO is deposited with a thickness of 0.1 /imon the surface of the substrate 1 
to form a hole-injection electrode 2. The substrate is cleaned and then a DLC film 3 is 
formed on the hole-injection electrode 2. The film formation method is the CVD 
method as described above. Films of four types, where each thickness of the four DLC 
films 3 is 25 angstrom, 50 angstrom, 100 angstrom and 200 angstrom, are formed. And 
a substrate having the hole-injection electrode 2 of ITO without the DLC film 3 is 
prepared for comparison is also used. Organic EL elements are manufactured by using 
the above substrates 1 to compare the performance. 

[0029] 

The substrate 1 is set in a resistance heating vacuum evaporating apparatus, a 
degree of vacuum is reduced under 5x10^* Pa. And then N, N'-diphenyl-N, N'-bis 
(3methylphenyl)-l, l'-biphenyl-4, 4'-diamine (TPD) is evaporated with about 400 
angstrom in thickness at a deposition rate of about 3 angstrom/s to form a 
hole-transporting layer 4. 

[0030] 

Subsequently tris (8-quinoline-light) aluminum (IH) (Alq3) is evaporated with 
about 500 angstrom in thickness at a deposition rate of about 3 angstrom/s to form a 
light-emitting layer 5. 

[0031] 

One time the vacuum is canceled, and a mask of a thin film pattern is changed, 
and then the substrates is set in the apparatus again. Ai: Li of alloy is evaporated with 
about 1500 angstrom in thickness at a vacuum degree of under SxlO" 4 Pa by a resistance 
heating deposition to form an electron-injection electrode 6. 

[0032] 



In the four types of organic EL elements of this embodiment as above and an 
organic EL element without a DLC film for comparison, a hole-injection electrode 2 is 
used for positive electrode, and an electron-injection electrode 6 is used for negative 
electrode, a direct current voltage is applied so as to perform a continuous drive test 
with the constant current drive at 10 mA/cml A table 1 shows light-emitting luminance 
and luminance half-reduction period of each element. 

[0033] 



[Table 1] 



A film thickness of a 
diamond-like carbon( A ) 


light-emitting luminance 
(at 10mA/cm 2 ) (cd/rtf) 


luminance half -reduction period (h) 
at 10 mA/cm 2 continuous drive test 


25 


262 


75 


50 


265 


400 


100 


267 


360 


200 


263 


350 


0 (conventional case) 


212 


17 



[0034] 

As the table 1 shows, an organic EL element having a DLC film shows around 
25% higher value for light-emitting luminance of each element with the constant drive 
current at 10 mA/cm 2 , in comparison with a conventional element which does not have 
a DLC film. 

[0035] 

As the table 1 shows, an organic EL element having a DLC film shows from 4 
to 24 times larger value for luminance half -reduction period of each element with the 
continuous drive test at 10 mA/cm 2 , in comparison with a conventional element which 
does not have a DLC film. 

[0036] 

The organic EL element having a DLC film of this embodiment shows better 
performance than the conventional element in luminance and lifetime. The reason is 
thought that the DLC film 3 which is chemically stable and unlikely to change is 
provided as a shielding film between the hole-injection electrode 2 of ITO whose 
surface is chemically unstable and the hole-transporting layer 4 of the organic layer 
bordering the hole-injection electrode 2, therefore the function of an organic layer such 
as the hole-transporting layer 4 is not inhibited by ITO of the hole-injection electrode 2. 

[0037] 
(2) Embodiment 2 

B (boron) is doped into the DLC film in forming the DLC film by a CVD 
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method, in order to control an electric resistance of the CLD film. In the same way as 
the embodiment 1 except for the foregoing, an organic EL element is manufactured. In 
the organic EL element of this embodiment, electrical conductivity of the DLC film 
increases and a drive voltage goes down. Therefore exothermic heat in the element is 
reduced, the life time becomes longer, and luminance half-reduction period is drastically 
improved. 

[0038] 
(3) Embodiment 3 

N (nitrogen) is doped into the DLC film in forming the DLC film by a CVD 
method, in order to control an electric resistance of the CLD film. In the same way as 
the embodiment 1 except for the foregoing, an organic EL element is manufactured. In 
the organic EL element of this embodiment, electrical conductivity of the DLC film 
increases and a drive voltage goes down. Therefore exothermic heat in the element is 
reduced, the life time becomes longer, and luminance half-reduction period is drastically 
improved. 

[0039] 
[Effect of the Invention] 

In an organic electroluminescent element having an organic layer between an 
electron-injection electrode and a hole-injection electrode, light-emitting luminance is 
high and luminance degradation in continuous drive is controlled by an organic 
electroluminescent element of the present invention in which a diamond-like carbon 
film is formed between an organic layer and a hole-injection electrode. Herewith, 
practical application of an organic electroluminescent element as a display is promoted. 
[Brief Description of the Drawings] 

Fig.l is a cross-section diagram showing a structure of an organic 
electroluminescent element, which is one example of embodiment modes of the 
invention. 

Fig.2 is a diagrammatic illustration showing one type of a film formation 
apparatus of a diamond-like carbon film (DLC film) by a CVD method. 

Fig.3 is a cross-section diagram showing a structure of a conventional organic 
EL element. 

[Description of the code] 

Reference number 2 shows a hole-injection electrode. 

Reference number 3 shows a diamond-like carbon film. 

Reference number 4 shows a hole- transporting layer as an organic layer. 

Reference number 6 shows an electron-injection electrode. 



Reference number 10 shows an organic electroluminescent element (organic 
EL element) 
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^tc#iaUfc*y- h'i2*>67/-Hl 3l:toot 

mm^mm^tx^. n&mi lfizftmflztvTm 
A^nxv^WM^x©- *y-Hi2*> 
<=> wl m s ntzmm^ \z & o t-y ■* > it z nx -? 5 x-^tt 
mzmfc-rz. ^■*>itnntzm.it*.mft z ?\tmfoi 4 

[0 0 2 8] 

[Hiisw *ai/ft*«otiEL*fi owisifi©* 

2i6t»J£0 1 Rtf^ 1 *#BBLT*#:^ICiS^-r^)„ 
(1) lfSiSli60>J 

S«10^M(CJP$0. 1 fimTI TOSfiSt. 

aA*S2©±tCDLCK3S'^fiE-rS. J£j&yji£:««J 
itfcCVDft-Cfe5. DLCR3*, 2 5t>^h 
D— A. 5 0t>^hD-A, 10 0t>^hD- 
A. 2 0 0 t > i'X h n-A ©§Sf i Lfc 4 liOS 
«£ffr£-rs. i±«cD/t*(C. ITOOIEJLaA 



( 4 ) ttM¥l 1-31587 
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[0 0 2 9] ME** l fcJtiairaJS&KSIjstgerttc-t 
7hU 5 x 1 0-' P aRTOltfiflEiTidffiLfcft. 
N, N* -y7i-Jl--N, N' - b'X <3;<-^;H7:il 
-M -1, 1' -k'7irjl/4, 4' -y7S > (T 
PD) Sfi3 t>?X hn-A/s Olf ISTS4 0 
Ot^Xhn-AiSU IE?UiMjl4£7£Err2>. 
[0 0 3 0] ^UT, HJX (8-*/U7-f h) TVP 
5n^A(IIl) (Alq,)<&iK)3^->c>*X hD-A/s<73^ 
10 »«fln?»5 0 0^">^X bn-A3£*U ^I5£ 

[0031] — mnzs&mi&v. mw^^-xd^^.^ 

KTCSSSTA i : L i ^*fitiiiPi*^»^i 0 m 
1 50 0t>^hD-AlfL, ifaAfS6^J^ 

[0032] m±<D£o\zVT%>z,ntz4mmc>*mm 

flOWELlfft, DLCKO&^ttt^OlT&EL 
*?KU&l»T. JEfLSAM 2 U ffS 

20 Am®6roffliJ*^gtbTiK«t«£E^WJnL. 10mA 

/cm' fenffimwKDmmmmuik&n^tz. &m?e> 

[0 0 3 3] 
[«1] 



(A) 


1 ¥£%M&. (KM/cn* m 
(cd/m2 ) 


"^batter* 


2 5 


2 6 2 


7 5 


5 0 


2 6 5 ~~ I 


4 0 0 


1 0 0 


2 6 7 


3 6 0 


2 0 0 


2 6 3 


3 5 0 


o c<&m> 


2 1 2 


1 7 



[0 0 3 4] « 1 *5»*SJ:5l:. lOmA/cm' 

3esd5K»fc^tts#^©^3t»«tt. se*^s (dl 

CK*«tt^t>©) Kit'*. DLClSftSfiEL* 
[0 0 3 5] mifr<E>ttfr2>£.olZ, 10mA/cm' 

EL^f«S4jg*^24fg©fi$^SLt. 40 
[0 0 3 6] £©J:3KDLC**#TS**M«©# 

^Lfc. Ctltt, affijWfc^Wfc^Sfcjgfc I TOOJEJl 

4 tOBC, ft#tt£&£-?SftLC< »DL CM 3 * 
aHflBt£LT8lttfc&», IE?L^it@4^CD*^@rofiS 
ffi*«iEjFLaA*S 2 © I TOCioTISSnSut*! 

[0 0 3 7] (2) SB 2 *&60!l 
lttEDLCJ«©«««tt*lW»Tafc». DLCI$C 50 



K-XTS. dtl«n«WaiLfc^l*S£^J<»:|nl#ro^ 
ffiTMSPWELfc^SfpaLfc. **««OlrIEL«f 
fcitltf. DLCIClfttAJilSIP. Ki&«BE*<<S< 

[0038] o) jg 3 mmm 

MED l dtota«at««iH-5&*. DLCBISrC 

VD8tK:J:oT»J*-r<&l», DLCMtCN (gift) £K 

±n{i. DLCKOtttt^BtO, K»mflE;WE<& 
SOT. * : Frt©3B«»3&««^bT#*39»S6»ri^±b. 

[0 0 3 9] 



[HI] **WOjl«IO»«©— WeftftsirttlELJIH 1 
©#l££*-ri$T®0T*&-5o 
[02] CVD*£t::<J;£y-f-\' ; E> Ktt*-#>it (D 

LCD o**««©-«j««ssrfE*H-c*«. 
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[0 3] tt*®*«EL3lt?e*ifi£jK-rWSH-C& 
£. 

2 ZE?L&A«S 

3 ^< K#*-#>Bt 

4 *«M&LT«>jE?Lli&JI 

6 s^aAm<i 

10 tizl/JhDM*yt>X«f (t*ELJ 



10 



[01] 



[0 2] 



[03] 






